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tf )OLJKWWLPH>VHF@
w :LGWKRIWKHGLVFXV>PP@
2SWLPL]DWLRQ
2.1. Coordinate system 
7KH LQHUWLDO FRRUGLQDWH V\VWHP LV VKRZQ LQ)LJ7KHRULJLQ LV DW WKHFHQWHURI WKH WXUQLQJ FLUFOHZLWK WKHXED[LV LQ WKH
KRUL]RQWDOIRUZDUGGLUHFWLRQWKHYED[LVLQWKHKRUL]RQWDOODWHUDOGLUHFWLRQDQGWKHZED[LVYHUWLFDOO\GRZQZDUG

)LJ,QHUWLDOFRRUGLQDWHV\VWHP

7KHIOLJKWGLVWDQFHZKLFKLVWKHIXQFWLRQWREHRSWLPL]HGLVGHILQHGDV

       fEfE tYtXF           

7KHIOLJKWWLPHLVGHQRWHGE\tf7KHQXPEHULQ(TXDWLRQLVWKHUDGLXVRIWKHWXUQLQJFLUFOH,QWKHRSWLPL]DWLRQSURFHVV
F1LVPD[LPL]HG$QDGDSWLYHUDQJHJHQHWLFDOJRULWKP>@ZDVXVHGIRUWKHRSWLPL]DWLRQWRRO
,QRUGHUWRVLPXODWHWKHIOLJKWWUDMHFWRU\XEWYEWZEWLWLVQHFHVVDU\WRLQWHJUDWHWKHHTXDWLRQVRIPRWLRQQXPHULFDOO\RQ
WKHEDVLVRIWKHDHURG\QDPLFIRUFHV>@
2.2. Design variables 
7KHUHDUHIRXUGHVLJQYDULDEOHVIRUWKHGLVFXVZKLFKDUHVKRZQ)LJ7KHVHDUHWKHZLGWKWKLFNQHVVUDGLXVRIWKHPHWDOULP
DQGWKHGLDPHWHURIWKHIODWFHQWUDODUHDRQHDFKVLGHRIWKHGLVFXV7KHUDQJHVRIWKHVHDUHVHWVXFKWKDWWKH\FRYHUWKHGHVLJQ
UHJXODWLRQVIRUGLVFXVHV


)LJ'HVLJQYDULDEOHVFRQFHUQHGZLWKWKHVL]HRIWKHGLVFXV

,QRUGHU WRXQGHUVWDQG WKHGHSHQGHQFHRI WKHDHURG\QDPLFIRUFHVRQ WKHVL]HRI WKHGLVFXV LWZDVQHFHVVDU\ WRVWXG\PDQ\
GLVFXVHVRIYDULRXVVL]HV,QWKLVVWXG\FRPSXWDWLRQDOIOXLGG\QDPLFV&)'ZDVDSSOLHGWRHVWLPDWHWKHDHURG\QDPLFIRUFHV>@
7KHDHURG\QDPLFIRUFHVZHUHFDOFXODWHGXVLQJ&)'IRUFDVHVLQZKLFKWKHDQJOHRIDWWDFNAoAZKLFKLVWKHDQJOHEHWZHHQ
WKHGLUHFWLRQRIWKHIOLJKWSDWKDQGWKHPLGSODQHRIWKHGLVFXVDQGWKHSDUDPHWHUVDFCARMRTHKDQGwVKRZQLQ)LJZHUH
YDULHGAoAZDVYDULHGIURPWR,QRUGHUWRHVWLPDWHWKHDHURG\QDPLFIRUFHVZLWKUHVSHFWWRDQDUELWUDU\VHWRIYDOXHVIRU
DFCARMRTHKDQGwWKHFRQFHSWRILQYHUVHGLVWDQFHZHLJKWLQJLQWHUSRODWLRQZDVDSSOLHG
)LHOGZRUN
7KHODXQFKFRQGLWLRQVRIDFRXSOHRIDWKOHWHVZHUHPHDVXUHGXVLQJWZRKLJKVSHHGFDPHUDV3KDQWRP0LURH;7KHIUDPH
UDWHZDVISV,QWKLVSDSHUWKHODXQFKFRQGLWLRQVRID)WKURZHUDUHVKRZQDVDW\SLFDOH[DPSOH7KHLPDJHVLQ)LJVKRZ
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WKH ODXQFK FRQGLWLRQV RI WKH) WKURZHU ,Q RUGHU WR GLJLWL]H WKH SRVLWLRQ DQG WKH DWWLWXGH RI WKH GLVFXV WKUHHPDUNHUVZHUH
SDLQWHGRQWKHVXUIDFHRIWKHGLVFXV$IWHUGLJLWL]LQJWKUHHFKDUDFWHULVWLFPDUNHUVRQWKHVXUIDFHRIWKHGLVFXVWKHLQLWLDOYHORFLW\
YHFWRU WKH LQLWLDO DQJXODU YHORFLW\ YHFWRU DQG WKH LQLWLDO (XOHU DQJOHV ZHUH GHWHUPLQHG 7KH YHORFLW\ FRPSRQHQW LQ WKH XE
GLUHFWLRQZDVGHULYHGIURPWKHILQLWHGLIIHUHQFHPHWKRGDQGLVJLYHQLQHTXDWLRQ+HUHǻWLVVHFRQWKHEDVLVRIWKH
IUDPHUDWHRIWKHKLJKVSHHGFDPHUDV7KHYHORFLW\FRPSRQHQWVLQWKHYEDQGZEGLUHFWLRQVZHUHREWDLQHGLQWKHVDPHPDQQHU

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      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
 &DPHUD &DPHUD
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
)LJ0HDVXUHPHQWVRIODXQFKFRQGLWLRQV
5HVXOWVDQGGLVFXVVLRQ
7KHODXQFKFRQGLWLRQVRID)WKURZHUDUHVKRZQLQ)LJ7KHDUURZGHQRWHVWKHLQLWLDOYHORFLW\YHFWRU7KHLQLWLDOVSHHG
ZDVPVWKHDQJOHRIWKHLQLWLDOIOLJKWSDWKHOHYDWLRQRIWKHYHORFLW\YHFWRUIURPWKHKRUL]RQWDOSODQHZDVqDQGWKH
LQLWLDODQJXODUYHORFLW\ZDVUHYVHF
,WZDVIRXQGWKDWWKHDLULQIORZWRWKHGLVFXVDUULYHVIURPWKHXSSHUVLGHDWWKHYHU\EHJLQQLQJRIWKHIOLJKWFDXVHVWKHOLIWWRDFW
YHUWLFDOO\GRZQZDUGGXULQJ WKHILUVWKDOIRI WKHIOLJKW7KLVIHDWXUHRIQHJDWLYHAoADW ODXQFKZDVIRXQGZKHQRSWLPL]LQJ WKH
WKURZLQJGLVWDQFHIRU2O\PSLDQVDOVR>@2SWLPL]DWLRQRIWKHVL]HRIWKHGLVFXVIRUWKH)WKURZHUZDVFDUULHGRXWRQWKHEDVLV
RIWKHVHLQLWLDOFRQGLWLRQV

)URQWYLHZ

6LGHYLHZ
)LJ/DXQFKFRQGLWLRQVRIDQ)WKURZHU


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

)LJ&RPSDULVRQEHWZHHQWKHRSWLPL]HGGLVFXVIRUWKH)WKURZHUDQGWKHFRPPHUFLDOO\DYDLODEOHGLVFXV7KHVROLGOLQHVKRZVWKHRSWLPL]HGVKDSHIRU)
ZKLOHWKHEURNHQOLQHGHQRWHVWKHFRPPHUFLDOO\DYDLODEOHZRPDQ¶VGLVFXV

$FRPSDULVRQEHWZHHQ WKH VKDSHVRI WKHGLVFXVHV LV VKRZQ LQ)LJ7KH VROLG OLQH VKRZV WKHRSWLPXPVKDSH IRU WKH)
WKURZHUZKHQXVLQJWKHPHDVXUHGODXQFKFRQGLWLRQVIRUWKH)WKURZHUVKRZQLQ)LJ7KHEURNHQOLQHVKRZVDFRPPHUFLDOO\
DYDLODEOHZRPHQ¶VGLVFXV,WZDVIRXQGWKDWWKHRSWLPXPGLVFXVIRUWKH)WKURZHULVOHVVZLGHDQGWKLFNHUZKHQFRPSDUHGZLWK
WKHFRPPHUFLDOO\DYDLODEOHGLVFXV7KHFRPSDULVRQLQVL]HVLVDOVRVKRZQLQ7DEOH,WZDVIRXQGWKDWWKHUDGLXVRIWKHPHWDOULP
RMRIRUWKH)WKURZHULVWKHVPDOOHVW

7DEOH&RPSDULVRQVRIVL]HRIWKHGLVFXV
 w>PP@ THK>PP@ RMR>PP@ DFCA>PP@ Flight distance [m] 
&RPPHUFLDOO\DYDLODEOH
GLVFXV     
2SWLPL]HGVL]HVIRU
2O\PSLDQV     
2SWLPL]HGVL]HVIRUD
)WKURZHU     

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
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

      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C
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AoA>㼻@ 
)LJ$QJOHRIDWWDFNGHSHQGHQFHRIWKHOLIWFRHIILFLHQW

$FRPSDULVRQRIWKHOLIWFRHIILFLHQWVLVVKRZQLQ)LJ7KHDEVFLVVDLVWKHDQJOHRIDWWDFNAoAZKLOHWKHRUGLQDWHLVWKHOLIW
FRHIILFLHQWCLGHILQHGDVIROORZV

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L
CL 

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
ZKHUHULVWKHGHQVLW\RIDLU8LVWKHZLQGVSHHGALVWKHFURVVVHFWLRQDODUHDRIWKHSODQIRUPRIWKHGLVFXV7KHRSHQWULDQJOHV
VKRZWKHOLIWFRHIILFLHQWVRIDFRPPHUFLDOO\DYDLODEOHZRPHQ¶VGLVFXVZKLOH WKHFORVHGGLDPRQGVVKRZWKRVHRI WKHRSWLPXP
GLVFXVIRUDQ2O\PSLDQDQGWKHRSHQFLUFOHVVKRZWKRVHRIWKHRSWLPXPGLVFXVIRUD)WKURZHU,WZDVIRXQGWKDWWKHVWDOOLQJ
DQJOH IRU WKH RSWLPXP GLVFXV LV VPDOOHVW IRU WKH ) WKURZHU DQG ODUJHVW IRU DQ 2O\PSLDQ ,W VHHPV WKDW WKH DHURG\QDPLF
FKDUDFWHULVWLFVRIWKHRSWLPXPGLVFXVIRUWKH)WKURZHUDUHWKHSRRUHVWEHFDXVHWKHVWDOOLQJDQJOHLVWKHVPDOOHVW


AoA㻌
:LQG㻌
L
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)LJ7LPHYDULDWLRQVRICD & CL GXULQJWKHRSWLPDOIOLJKWIRUWKH)WKURZHU

7KHYDULDWLRQRIAoAZLWKWLPHGXULQJWKHRSWLPDOIOLJKWIRUWKH)WKURZHULVVKRZQLQ)LJ7KHIOLJKWWLPHLVVHFRQGV
7KHFORFNZLVHQRVHXSURWDWLRQRIAoALVGHILQHGDVSRVLWLYH6LQFHWKHAoALVQHJDWLYHGXULQJWKHILUVWKDOIRIWKHIOLJKWWKH
AoALVQRVHGRZQURWDWLRQ7KHLQLWLDOYDOXHRIAoALVqDQGWKLVLQFUHDVHVZLWKWLPHGXHWRJUDYLW\
7KHYDULDWLRQVRIWKHGUDJFRHIILFLHQWCDDQGWKHOLIWFRHIILFLHQWCLZLWKWLPHGXULQJWKHRSWLPDOIOLJKWIRUWKH)WKURZHU
DUHVKRZQLQ)LJ6LQFHWKHLQLWLDOYDOXHRIAoALVqDVVKRZQLQ)LJDQG)LJWKHOLIWFRHIILFLHQWLVQHJDWLYHGXULQJWKH
ILUVWKDOIRIWKHIOLJKWDVVKRZQLQ)LJ7KLVQHJDWLYHOLIWDFWVYHUWLFDOO\GRZQZDUGRQWKHGLVFXVGXULQJWKHILUVWKDOIRIWKHIOLJKW
7KLVLVQRWLGHDOIRUGLVFXVWKURZLQJDQGWKLVVLWXDWLRQFRQWLQXHVIRUKDOIWKHGXUDWLRQRIWKHIOLJKW$WAoA qWKHRSWLPXP
GLVFXVIRUWKH)WKURZHUVWDOOVDVVKRZQLQ)LJ%HFDXVHRIWKHVWDOOWKHDEVROXWHYDOXHRIWKHOLIWFRHIILFLHQWLVVPDOODWq
$IWHU D VKRUW SHULRG WKHGLVFXV UHFRYHUV IURP WKH VWDOO7KXVCL KDV DPLQLPXPYDOXH PD[LPXPDEVROXWH YDOXH DW DURXQG
VHF,QWKHODWWHUKDOIRIWKHIOLJKWWKHOLIWEHFRPHVSRVLWLYHSUHYHQWLQJWKHGLVFXVIURPIDOOLQJ$WWKHYHU\HQGRIWKHIOLJKW
AoALVDOPRVWHTXDOWRWKHVWDOOLQJDQJOHPHDQLQJWKHOLIWLVDWLWVPD[LPXP,IWKH)WKURZHUXVHGWKHRSWLPDOGLVFXVIRUDQ
2O\PSLDQDODUJHUQHJDWLYHOLIWZRXOGDFWRQWKHGLVFXVLQWKHILUVWKDOIRIWKHIOLJKWEHFDXVHRIWKHODUJHUVWDOOLQJDQJOH
6XPPDU\
,QWKLVVWXG\WKHIOLJKWGLVWDQFHRIDGLVFXVIRUD)WKURZHUZDVRSWLPL]HG7KHFRQFOXVLRQVFDQEHVXPPDUL]HGDVIROORZV
z 7KHPHDVXUHGLQLWLDODQJOHRIDWWDFNIRUD)WKURZHULVQHJDWLYH
z 7KH RSWLPXP GLVFXV IRU WKH ) WKURZHU LV OHVV ZLGH DQG WKLFNHU ZKHQ FRPSDUHG WR WKRVH IRU 2O\PSLDQV RU
FRPPHUFLDOO\DYDLODEOHGLVFXVHV
$FNQRZOHGJHPHQWV
7KLVZRUN LV VXSSRUWHGE\ D*UDQWLQ$LG IRU6FLHQWLILF5HVHDUFK $1R+ -DSDQ6RFLHW\ IRU WKH3URPRWLRQRI
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